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Introduction
Billroth-I (B-I) reconstruction is one of the most popular methods of reconstruction after distal gastrectomy for gastric cancer. It is performed by an extracorporeal procedure in laparoscopy-assisted distal gastrectomy (LADG) or by intracorporeal procedure in (totally) laparoscopic distal gastrectomy (1) (2) (3) (4) (5) . Although several methods of intracorporeal B-I reconstruction, including the δ-shaped anastomosis, have been developed to avoid mini-laparotomy (6) (7) (8) (9) (10) (11) , many surgeons prefer the extracorporeal approach because it provides several advantages. It enables surgeons to confirm an appropriate surgical margin by direct macroscopic inspection. The technique is essentially an open surgery and can be performed easily and safely even by surgeons with minimal laparoscopic surgery experience. The procedure is facilitated by the circular stapler.
There are several extracorporeal B-I reconstruction techniques for LADG. Most of these are end-to-end gastroduodenostomy, in which the anastomotic site is usually positioned at the end of the staple line at the greater curvature (hemi-double stapling technique). A circular stapler is then introduced through the transecting line at the lesser curvature or at the anterior wall of the stomach (9, 12, 13) . Alternatively, there is an elaborated technique in which a circular stapler is inserted from the stomach before complete transection is attempted (14) . End-to-side gastroduodenostomy has been also popular. In this method, the anastomotic site is usually placed in the posterior wall of the stomach, and a circular stapler is introduced through a small incision in the stomach wall (5, 10) . However, some surgeons worry that these methods require excessive traction and may injure the remnant stomach or anastomotic site during the anastomotic procedure. To overcome these problems, we developed an original procedure, the complete double stapling technique (cDST), in 2002. In this method, an end-to-end anastomosis is performed on the mid-transection line using a circular stapler inserted from the edge of the transection line at the greater curvature. The stapler is most easily pulled up through the small laparotomy wound. In the current study, we looked at shortterm outcomes and postoperative endoscopic findings of LADG with B-I reconstruction using the cDST.
Materials and Methods

Patients
We identified 218 consecutive patients who underwent LADG for gastric cancer with B-I reconstruction using the cDST between January 2002 and April 2012. The patients were identified in a prospectively compiled database at the Department of Gastroenterological Surgery, Nagoya University Hospital (Nagoya, Japan).
This retrospective study was approved by the Institutional Review Board of the Ethics Committee of Nagoya University School of Medicine.
Indication of LADG and B-I reconstruction
The adaptation criteria of LADG at our institution is clinical T1 N0-1, T2 N0, and T3 N0 in accordance with the Japanese Classification of Gastric Carcinoma (ver. 3) (15) . B-I reconstruction is employed when gastroduodenostomy can be achieved without excessive tension at the anastomotic site. In patients with preoperative reflux esophagitis, B-I reconstruction is avoided.
Surgical technique for B-I reconstruction using cDST
The patients underwent LADG with ≥D1+ lymphadenectomy according to the Japanese Gastric Cancer Treatment Guidelines 2010 (ver. 3) (16). The duodenum was transected with an endoscopic linear stapler (Endopath ETS Flex45 or Endopath Echelon Flex 60, Ethicon EndoSurgery, Cincinnati, USA) during lymph node dissection. After the routine laparoscopic procedures through five ports, a 4-5-cm laparotomy was made at the upper midline. The stomach was extracted through this incision. The proximal dividing line of the stomach was determined by direct inspection through a gastrostomy or by palpating marking clips placed under preoperative endoscopy to ensure a safe surgical margin. Then, the stomach was divided with a linear stapler (Proximate TLC 75 or Endopath Echelon Flex 60, Ethicon Endo-Surgery) ( Figure 1a ). The anvil of the circular stapler (Proximate ILS 29 mm; Ethicon Endo-Surgery) was inserted into the duodenal stump and fixed by a purse-string suture ( Figure 1B) . A longitudinal 3-cm incision was made along the greater curvature of the remnant stomach from the end of staple line ( Figure 1C) , and a circular stapler was inserted ( Figure 1D ). The center rod was made to penetrate through the staple line of the remnant stomach as close to the greater curvature as possible. This allowed the duodenal stump to be anastomosed to the staple line of the remnant stomach by a double stapling technique ( Figure 1E ). Finally, the entry hole for the circu- 
Postoperative endoscopic findings
One year after LADG, 110 patients underwent a follow-up upper GI endoscopy. Gastric residue, degree of gastritis, extent of gastritis, and bile reflux in the remnant stomach were evaluated according to the residue, gastritis, bile classification proposed by Kubo et al. (17) . Reflux esophagitis was graded according to the Los Angeles classification.
Statistical analysis
Values are presented as mean AE SD or as the number, percentage, and 95% confidence interval. Fisher's exact test was used to compare categorical variables. Statistical analysis of the data was performed using JMP software version 11 (SAS Institute, Cary, USA).
Results
Patient characteristics are summarized in Table 1 . This study included 156 men and 62 women. The mean age was 62.0 AE 12.3 years. There were 12 patients (6%) with a history of abdominal surgery. The mean preoperative BMI was 22.7 AE 3.1 kg/m 2 . This study included 181 clinical stage IA, 33 stage IB, and 4 stage IIA patients. In addition to an experienced laparoscopic surgeon who helped develop cDST, 12 laparoscopic surgeons with less experienced performed this method during the study period.
Intraoperative findings and postoperative complications are summarized in Table 2 . The mean operative time was 216.0 AE 51.9 min. The mean estimated blood loss was 163.4 AE 195.6 mL. The proximal margin was histopathologically confirmed to be negative in all cases. Postoperative fluorography indicated conventional B-I anastomosis without unexpected deformity or any problems (Figure 3 ). An anastomosis-related postoperative complication occurred in eight patients (3.6%), including anastomotic leakage in five patients (2.2%), stasis in two patients (0.9%), and anastomotic bleeding in one patient (0.5%), but anastomotic stenosis was not observed. The three representative cases with anastomotic leakage underwent postoperative courses. The first patient was readmitted to the hospital on postoperative day 10 because of epigastric pain. Upper GI imaging revealed the leakage from the greater curvature side. After conservative treatment with a nasogastric tube, the patient was discharged 33 days after LADG. The second patient underwent upper GI imaging because C-reactive protein was elevated on postoperative day 7. The anastomotic leakage was found on the greater curvature side. The leakage was cured by fasting, and the patient was discharged on postoperative day 26. The third patient underwent an abdominal CT scan on postoperative day 7, and an abnormal fluid collection around the greater Figure 2 The view after completion of the anastomosis. curvature side of the anastomotic site was found. We considered it to be an anastomotic leakage, and the patient was successfully cured by postoperative day 16 by fasting. Endoscopic findings at 1 year after surgery are summarized in Table 3 . The amount of residual food was grade 0, 1, 2, 3, and 4 in 75.5%, 1.8%, 5.5%, 13.6%, and 3.6%, respectively. The grade of gastritis (degree) was 0, 1, 2, and 3 in 38.2%, 35.5%, 23.6%, and 2.7%, respectively. Gastritis extending to the whole remnant stomach was observed in 8.2% of the patients. Reflux esophagitis was grade N, A, B, C, and D in 89.1%, 10.0%, 0.0%, 0.9%, and 0.0%, respectively.
Discussion
Despite the popularity of totally laparoscopic gastrectomy, many surgeons favor extracorporeal B-I gastroduodenostomy because of the advantages it offers. However, extracorporeal B-I gastroduodenostomy has the potential risk of excessive traction of tissue during the anastomotic procedure caused by inserting a circular stapler into the remnant stomach, connecting an anvil and the main unit of the stapler, and firing via mini-laparotomy. This risk is a particular concern in obese patients in whom the depth of the abdominal cavity does not allow complex surgical procedures. We developed cDST to reduce the problems related to extracorporeal B-I gastroduodenostomy through a small laparotomy. Although the anvil is inserted into the duodenal stump in the same way as in other procedures, the main unit of the circular stapler is inserted through the edge of the transection line at the greater curvature in the cDST method. This provides minimal traction of the remnant stomach. We performed the Kocher maneuver when there was strong tension at the anastomosis site. As cDST is for an extracorporeal anastomosis, it is sometimes difficult to perform in extremely obese cases. In those patients, a skin incision was extended up to 6 cm, and anastomosis was achieved successfully. We encountered no problems during the anastomotic procedure in any of our 218 patients. This end-to-end anastomosis led to low tension between the duodenum and the remnant stomach, as well as a straight axis of the anastomosis. Moreover, there were no areas with potentially impaired blood flow between the section staple line and the end-to-side gastroduodenal stoma.
In Japan, a phase-II clinical trial (JCOG0703) was conducted to evaluate the safety and feasibility of LADG for the treatment of clinical stage I gastric cancer. In this trial, only qualified surgeons participated as operators, and the rate of anastomotic leakage and pancreatic fistula was 1.7% (3/176 cases), which was lower than the expected value of 3.0% (18) . Therefore, the primary end-point was met, and LADG was deemed safe and feasible in expert hands. The mean operating time in the JCOG trial (250 min) was longer than in our study, although patients treated by Roux-en-Y reconstruction and gastrogastrostomy were included in the JCOG trial (19) . Although surgery in our cDST series was not always performed by board certified surgeons, the incidence of anastomotic leakage at 2.2% was not substantially inferior.
Some surgeons may worry that anastomosis by cDST is likely to be placed closer to the lesser curvature of the stomach than in other B-I reconstruction methods, and this may influence the remnant stomach. Therefore, we conducted endoscopy 1 year after surgery to evaluate the degree of remnant gastritis and reflux esophagitis in patients who agreed to be followed at our outpatient clinic. Kim et al. also reported the residual food, gastritis, and reflux esophagitis found in follow-up endoscopic surveillance of 165 patients who underwent B-I reconstruction (20) . They revealed that 54.5% of patients had grade 0 residual food (i.e. no residual food), 73.4% had grade 0 or 1 gastritis, and 97.6% had grade 1 or 2 reflux esophagitis; these results are similar to those in the present study. Although a direct comparison of the percentages between different studies may not be appropriate, these data suggest that cDST is not inferior to other methods in terms of endoscopic findings that potentially relate to patients' quality of life. The current study was limited by the retrospective nature, non-randomized design, and lack of any reported patient outcome. Unfortunately, a randomized trial is not practical in a single-institution study, especially as totally laparoscopic gastrectomy has been introduced among surgeons with greater experience in laparoscopic surgery. However, in a teaching hospital such as our own, we consider cDST to be a safe introductory method suited to a wide range of surgeons, including less experienced individuals. We plan to continue evaluating our methods along with other methods through prospective observatory clinical study of patients' quality of life after LADG using an integrated questionnaire Postgastrectomy syndrome assessment scale (PGSAS) -45 (21).
In conclusion, the cDST is a technically accessible and safe procedure that provides acceptable short-term outcomes without increasing in the incidence of reflex remnant gastritis and esophagitis. Complete double stapling technique C Tanaka et al.
